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Introduction
At present the success of the standard model(SM) is well known and doubtless.
However, the mechanism of electroweak symmetry breaking(EWSB) remains the most prominent mystery in current particle physics. The Higgs particle that is assumed to trigger the EWSB in the SM has not been found. In addition, there are prominent problems of triviality and unnaturalness in the Higgs sector. Thus, the SM can only be an excellent effective field theory below some high energy scales. New physics beyond the SM should exist at the TeV scale. The possible new physics scenarios at the TeV scale might be supersymmetry(SUSY) [1] , dynamical symmetry breaking [2] , extra dimensions [3] , the little Higgs model [4, 5, 6, 7] It is widely believed that the hadron colliders, such as the Tevatron and the LHC running in 2007, can directly probe the possible new physics beyond the SM up to a few TeV, while the TeV energy linear e + e − collider(LC) is also required to complement the probe of the new particles with detailed measurements [8] . A unique feature of the TeV energy LC is that it can be transformed to γγ or eγ collider(the photon collider) by the laser-scattering method. In this case the energy and luminosity of the photon beams would be the same order of magnitude of the original electron beams and the set of final states at the photon collider is much rich than that in the e + e − mode. Furthermore, one can vary polarizations of photon beams relatively easily, which is advantageous for experiments. In some scenarios, the photon collider is the best instrument for the discovery of the signals of the new physics models and will be able to study multiple vector boson production with high precision.
The probe of the new particles, specially the new gauge bosons predicted by the littlest Higgs model, can provide a direct way to test the model. The CERN Large Hadronic
Collider(LHC), with the center of energy √ s = 14 TeV, has the ability to produce these heavy new particles. In some literatures [9, 10] , the production mechanism of these new particles at the LHC has been studied and the most promising production process is
Drell-Yan process which shows that the LHC has the potential to detect them. However, the detailed study of these new gauge boson couplings needs the precision measurement at the future LC, and such work can be performed at the planned International Linear
Collider(ILC) with the center of mass(c.m.) energy √ s=300 GeV-1.5 TeV and the yearly luminosity 500 f b −1 [11] . Specially for the gauge boson B H , we find that the global symmetry structure SU (5) [12] . The ILC has the capability to discover the effects of the littlest Higgs model over the entire theoretically interesting range of parameters and to determine the couplings of the heavy gauge bosons to the precision of a few percent. This paper is organized as follows. In the section two, we briefly review the littlest Higgs model. In the section three, the calculation process of the cross section is presented.
The section four contains our numerical results and conclusions. The leading order dimension-two term in the non-linear σ-model can be written for the scalar sector as
with the covariant derivative
Where (2) and U(1) gauge fields, respectively. The low-energy dynamics is described in term of the non-linear sigma model field
where Π = a π a (x)X a . The sum runs over the 14 broken SU(5) generators X a , and π a (x) are the Goldstone bosons. The symmetry breaking vev is proportional to Σ 0 .
The gauge boson mass eigenstates after the spontaneous gauge symmetry breaking
s, c, s ′ , c ′ are mixing angles and are defined as
The W and B remain massless and are identified as the SM gauge bosons, with couplings
W ′ and B ′ are the heavy the massive gauge bosons associated with the four broken
After linearize the theory, the couplings of the gauge bosons to Higgs field can be obtained via Eq. (1) at leading order in 1/f
where H = (h + , h 0 ) is the SM Higgs doublet.
In the SM, the four-point couplings of the form W The cancellation of such divergence is a crucial feature of the little Higgs theory. The key test of the little Higgs mechanism in the gauge sector is the experimental verification of this feature. Some literatures have discussed the prospects at the LHC [10] .
The EWSB in the littlest Higgs model is triggered by the Higgs potential generated by one-loop radiative correction and massless W and B obtain their masses. The Higgs potential includes the parts generated by the gauge boson loops as well as the the fermion loops. 
Where
GeV is the elecroweak scale, v ′ is the vev of the scalar SU(2) L triplet and s W (c W ) represents the sine(cosine) of the weak mixing angle.
On the other hand, the EWSB also induces cubic couplings between the physical Higgs boson and the gauge bosons. The explicit forms of these couplings can be obtained from Eq. (1) (9), and are therefore directly related to the crucial feature of cancellation of quadratic divergences. Measuring the diagonal coupling would provide the most direct way to verify the little Higgs theory. Such measurement requires associated production of a new heavy boson with a Higgs and is a difficult task. However, it is much easier to measure the off-diagonal couplings, such as hZ H Z, hB H Z, hW
Although these couplings do not directly participate in the cancellation of quadratic divergences, verifying their structure would provide a strong evidence for the crucial feature of the model.
The gauge kinetic terms £ G take the standard form:
These terms yield 3-and 4-particle interactions among the gauge bosons.
There are still other interactions in the littlest Higgs model, £ F , £ Y , V CW . The fermion kinetic terms £ F can give the couplings of the gauge bosons with fermions. The couplings of the scalars h and φ with fermions can be derived from the Yukawa interaction terms £ Y .
The effective Higgs potential, the Coleman-weinberg potential V CW , is generated at oneloop and higher orders due to the interactions of Higgs with gauge bosons and fermions, which can induce the EWSB by driving the Higgs mass squared parameter negative.
It is shown via above discussion that the new heavy gauge bosons B H , Z H , W ± H are predicted in the littlest Higgs model and these new particles might produce the characteristic signatures at the present and future high energy collider experiments [9, 10, 12, 13] . 
and the 4-point gauge boson self-couplings take the form
The coefficients
Where 
, respectively. The production amplitudes of the process can be written as
with
with G = 5 2
Where M µναβγ ζ is the contribution of Fig.1(a-g ) to the process.
In order to write a compact expression for the amplitudes, it is convenient to define the triple-boson couplings coefficient as
with all momenta out-going, the quartic-boson coupling coefficient as
and the W boson propagator tensor
Using the above definitions, we can explicitly write
Where [k 1↔2 ; µ ↔ ν] indicates the crossing contributions of the initial photons.
With the above amplitudes, we can directly obtain the cross sectionσ(ŝ) for the subprocess γγ → W + W − B H and the total cross section at the e + e − linear collider can be obtained by foldingσ(ŝ) with the photon distribution function which is given in Ref [14] 
where s is the c.m. energy squared for e + e − and the subprocess occurs effectively at s = x 1 x 2 s, and x i are the fraction of the electron energies carried by the photons. The explicit form of the photon distribution function F (x) is
and E 0 and ω 0 are the incident electron and laser light energies. The energy ω of the scatered photon depends on its angle θ with respect to the incident electron beam and is given by
Therefore, at θ = 0, ω = E 0 ξ/(1+ξ) = ω max is the maximum energy of the back-scattered photon and
is the maximum fraction of energy carried away by the back-sacttered photon.
To avoid unwanted e + e − pair production from the collision between the incident and back-scattered photons, we should not choose too large ω 0 . The threshold for e + e − pair creation is ω max ω 0 > m 2 e , so we require ω max ω 0 ≤ m 2 e . Solving ω max ω 0 = m 2 e , we find
For the choice ξ = 4.8, we obtain x max = 0.83 and D(ξ max ) = 1.8. The minimum value for x is determined by the production threshold
Here we assume that both photon beams and electron beams are unpolarized. We also assume that, on average, the number of the back-scattered photons produced per electron is 1, i.e., the conversion coefficient k is equal 1.
Numerical results and conclusions
In our calculations, we take M W = 80.283 GeV, v = 246 GeV, s 2 W = 0.23. The electromagnetic fine structure constant α e at certain energy scale is calculated from the simple QED one-loop evolution formula with the boundary value α = 1/137.04 [15] .
There are three free parameters(f, c ′ , √ s) involved in the production amplitudes. Global fits to the electroweak precision data produce rather severe constraints on the parameter spaces of the littlest Higgs model. However, if we carefully adjust the U(1) section of the theory, the contributions to the electroweak observables can be reduced and the constraints become relaxed. The scale parameter f = 1 − 2 TeV is allowed for the mixing parameters c and c ′ in the range of 0 − 0.5 and 0.62 − 0.73, respectively [16] . The numerical results are summarized in Fig.2-4 .
In general, the contributions of the littlest Higgs model to the observables are dependent on the factor 1/f 2 . To see the effect of the varying f on the production cross section To study the effect of c ′ , in Fig.3 , we show the cross section as a function of c ′ with √ s = 1500 GeV and f = 1 TeV, 1.2 TeV, 1.5TeV, respectively.
From Fig.3 , one can see that the cross section decreases sharply with c ′ increasing for
, the cross section increases with c ′ increasing. For
, the value of the cross section is zero. This is because the gauge boson self-couplings
. On the other hand, for small values of f and c ′ , the cross section can reach a few fb even tens fb. If we take integral luminosity £ = 1000f b −1 , there are about 10 3 − 10 4 W + W − B H events to be produced. There will be a promising number of fully reconstructible events to detect B H . Furthermore, it is possible to study the gauge boson self-couplings via γγ → W + W − B H with large precision at the ILC.
To illustrate the influence of the coupling G defined in Eq. (22) and B H mass on the cross section, in Fig.4 , we show the plots of Since we are interested in final states where all the gauge bosons are identified, the event rate is determined not only by the total cross section, but also by the reconstruction efficiency that depends on the particular decay channels of the vector bosons.
The efficiency for reconstruction of a W ± is over 60% [17] . To identify B H from the final states, we also need to study its decay modes. The main decay modes of B H are
The decay branching ratios of these modes have been studied in reference [9] which are strongly dependent on the U (1) We leave the detailed study of such SM background to experimentalists.
The B H production mechanics has been studied at the LHC [10] , and such particle can also be produced by e + e − collision. However, these production processes involve the fermion couplings and these couplings suffer from large theoretical uncertainty due to the arbitrariness of the fermion U(1) charge assignments. So, the reliable prediction of the B H signals via these processes would be difficult. On the other hand, with the small e + e − B H coupling and high energy s-channel suppression, the s-channel B H production in e + e − collisions would of course be suppressed which makes γγ production mode become even more important, specially for gaining an insight into the gauge structure of the littlest Higgs model.
In summary, the new gauge bosons are the typical particles of the littlest Higgs model.
With the mass in the scale of hundreds GeV, the U (1) boson B H is the lightest one among these new gauge bosons. Therefore, such particle might provide a early signal of the littlest Higgs model at the ILC. Because the high c.m. energy can significantly enhance the cross sections of the triple gauge boson production processes, these processes become more important at the ILC.
In this paper, we study a B H production process associated with W boson pair via γγ collision. It can be concluded that the cross section is sensitive to the parameters f, c ′ , √ s which make the cross section vary from 10 −1 to 10 1 fb in most parameter spaces allowed by the electroweak precision data. With the favorable parameter spaces(the high c.m. energy, small c ′ and f ), the sufficient events can be produced to detect B H . On the other hand, if such gauge boson is observed at future collider experiments, the precision measurement is need which could offer the important insight for the gauge structure of the littlest Higgs model and distinguish this model from alternative theories. Figure 1 : The Feynman diagrams of the process γγ → W + W − B H in the littlest Higgs model. 
